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Abstract: We have developed the theory of a distributed-feedback optical-parametric oscillator 
pumped by a laser pulse length shorter than the round-trip length of the nonlinear gain material. 
We also demonstrated distributed-feedback optical-parametric oscillation in a 5-cm PPLN crystal 
pumped by a 430-ps passively Q-switched Nd:YAG laser. 
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Summary 
With a passively Q-switched or mode-locked pump laser, optical parametric oscillation might not occur due to the 
short laser pulse length and thus the limited gain length. However, if a distributed feedback (DFB) grating is 
implemented along the gain medium, narrow-line optical parametric oscillation could occur with a pump pulse 
length shorter than the roundtrip length of the gain medium. Distributed-feedback lasers [1] also have the additional 
advantage of simplicity and single-longitudinal-mode operation. In a DFB optical parametric oscillator (OPO), 
single-frequency emission becomes possible at any wavelength in the tuning range of the oscillator. We found that 
in the limit of a short pump pulse length, single-longitudinal-mode operation at the Bragg wavelength can be 
achieved in a DFB OPO with the usual exponential gain coefficient of an optical parametric generator, OPGG , 
replaced by   
22 k+G=G OPG  with 01 /lpk n= ,   
where 0l  is the Bragg wavelength and 1n  is the amount of the refractive index modulation in the nonlinear optical 
material.  Therefore the signal growth rate is effectively increased due to the distributed feedback grating.  
To demonstrate this short-pulse DFB OPO, we used a cylindrical lens to shape a 532-nm, 230-mW spherical 
laser beam into an elliptical beam with approximately 1:50 axis ratio. Then we split and recombined the laser with a 
34° angle to produce 0.913-mm-period interference fringes on a 5-cm long, 0.5-mm thick, 11-㯀m-period, uncoated 
and end-polished PPLN crystal. The experimental setup is shown is Fig. 1. The peak intensity of the interfering laser 
beam was about 0.5 W/cm2. While keeping the 532-nm interference fringes in the PPLN crystal, we illuminated the 
PPLN +z surface with UV light of the intensity 53mW/cm2 and observed the DFB OPO signal at the output. The UV 
light at the 365-nm wavelength was strongly absorbed at the lithium niobate surface and induced a surface DFB 
grating through the so-called two-photon photorefractive writing scheme [2]. The 0.913-mm-period DFB grating, 
coinciding with the period of the interference fringe, was designed to oscillate the 3.778-㯀m OPO idler wavelength 
in the 532-nm pumped PPLN at 82°C. The pump laser was a passively Q-switched, frequency-doubled Nd:YAG 
laser, producing 2-mJ pulse energy in the PPLN crystal with 6.59-kHz repetition rate and 430-ps pulse width.  The 
pump pulse length in the lithium niobate crystal is only 6 cm.  
Figure 2 shows the OPO and OPG signal spectra from the PPLN at different temperatures. It is evident from 
the figure that, although the OPG wavelength was tuned by temperature, the DFB OPO signal wavelength at 619.3 
nm remained unchanged due to the photorefractive DFB grating. At 82.4°C, the OPG wavelength overlapped with 
the OPO signal wavelength. When we translated the pump beam transversely in the -z direction, the DFB OPO 
signal was reduced rapidly due to the shallow photorefractive DFB grating formed at the +z surface. In this 
experiment, the DFB OPO signal spectral width is  3 Å. Further reduction of the spectral line width should be 
possible with an improved DFB grating.   
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Figure 1. The experimental setup for demonstrating the short -pulse DFB OPO 
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Figure 2. The signal spectra of the short-pulse DFB OPO. The OPO wavelength at 619.3 nm is relatively 
insensitive to temperature variation compared to the OPG signal (the smaller peak). 
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